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Introduction
Sepsis is the syndrome of life-threatening organ dysfunction resulting from dysregulated host response to infection [1] . In the United States (US), sepsis is responsible for over 665,000 hospital admissions, 850,000 Emergency Department visits and 215,000 deaths annually [2, 3] . Current recommendations for treating sepsis are primarily aimed at recognition and management [4, 5] . Studies of other acute conditions, such as myocardial infarction (MI) and stroke, have highlighted the importance of prevention as a potential strategy for reducing the public health burden of fatal diseases. However, there have been few organized efforts targeting sepsis prevention.
Aspirin is an irreversible inhibitor of the enzyme cyclooxygenase, a key component in the activation of inflammatory pathways through the production of prostaglandins [6] . Aspirin therapy has been widely used for treating and preventing vascular diseases such as myocardial infarction and stroke [6] [7] [8] [9] [10] [11] . The use of aspirin as a preventive therapy for sepsis is plausible and feasible. Sepsis impairs the hemostatic function of platelets, potentially mitigating hypercoagulability found in acute sepsis [12] [13] [14] . A limited body of research suggests that prior antiplatelet use is associated with decreased risk of mortality from sepsis [15] [16] [17] [18] [19] . There is limited knowledge of the association between baseline aspirin use and incidence of sepsis, and prior studies have been unable to link incident events with hospitalization outcomes [20, 21] .
Similar to the effects seen in diseases such as MI and stroke, regular aspirin use could offer a potential sepsis prevention strategy. A better understanding of the association between regular aspirin use and long-term sepsis risk could set the stage for its use to prevent acute sepsis.
The Reasons for Geographic and Racial Differences in Stroke (REGARDS) is one of the nation's largest population-based cohort studies, providing longitudinal data from community-dwelling individuals over a ten-year period. Using REGARDS data, we sought to determine if aspirin use is associated with long term rates of sepsis.
Methods

Study design
We performed a prospective cohort study using data from the Reasons for Geographic and Racial Differences in Stroke (REGARDS) cohort [22] . This study was approved by the Institutional Review Board of the University of Alabama at Birmingham.
The REGARDS cohort
The REGARDS cohort is one of the nation's largest population-based cohorts of communitydwelling adults. The parent study was designed to identify factors associated with racial and regional differences in stroke mortality. Between January 2003 and October 2007, 30,239 individuals aged 45 years or older were recruited. Participants were oversampled from the Southeastern US, with 30% of the participants recruited from the "Stroke Belt" (defined as the coastal plains of North Carolina, South Carolina, and Georgia), and 20% from the "Stroke Buckle" (the remainder of North Carolina, South Carolina, and Georgia, plus Tennessee, Mississippi, Alabama, Louisiana, and Arkansas). The cohort is 45% male and 42% African American and does not include Hispanics. REGARDS collected baseline information on participant through telephone interviews and in-person assessments. Baseline information collected on each participant included medical and personal histories, demographic data, health behaviors, physical measures and vital signs, and a medication inventory. Blood and urine specimens were also collected from participants. Every six months, trained interviewers telephoned each participant to obtain updated information on all hospitalizations since the last follow-up call.
Identification of aspirin use
REGARDS study personnel ascertained aspirin use during baseline subject enrollment in the study. We defined aspirin use based upon responses to the question, "Are you currently taking aspirin or aspirin containing products regularly, that is, at least two times each week?" REGARDS did not ascertain the reasons for aspirin use.
Identification of sepsis events
The primary endpoint was hospitalization for sepsis. We identified all hospitalizations and Emergency Department visits attributed to a serious infection. To verify the presence of serious infection at admission and infection as a primary reason for hospitalization, two abstractors independently reviewed all relevant medical records. Abstractor agreement and additional physician-level review resolved any discordances. Sepsis was defined as infection at hospital presentation plus two or more systemic inflammatory response syndrome (SIRS) criteria, which include 1) heart rate >90 beats/minute, 2) fever (temperature >38.3˚C or <36˚C), 3) tachypnea (>20 breaths/min) or PCO 2 <32 mmHg, and 4) leukocytosis (white blood cells [WBC] >12,000 or <4,000 cells/mm 3 or >10% band forms).
We assessed vital signs and laboratory findings within the first 28-hours of hospitalization to include Emergency Department care and up to one full day of inpatient care. Because the analysis focused on community-acquired sepsis, so we did not assess vital signs, laboratory findings, or development of sepsis at later time points. Initial review of 1,329 hospital records indicated excellent inter-rater consensus for the presence of serious infection (kappa = 0.92) and the presence of sepsis (kappa = 0.90) at the time of hospital presentation.
We did not include organ dysfunction in the primary definition of sepsis. In secondary analyses, we did evaluate death occurring during sepsis hospitalization.
Covariates
We examined demographics, health behaviors, chronic medical conditions, Morisky medication adherence, and biomarkers as possible confounding variables in the relationship between aspirin use and sepsis. Demographic characteristics included age, sex, race, geographic region, annual household income, and highest level of education achieved. Health behaviors included smoking status and alcohol use. Chronic medical conditions included history of MI, coronary artery disease, atrial fibrillation, hypertension, stroke, chronic kidney disease, peripheral artery disease, chronic lung disease, deep vein thrombosis, dyslipidemia, diabetes, and obesity (S1 Table) . Biomarkers considered potential risk factors for sepsis included hsCRP and ACR [23, 24] . REGARDS used a four-question version of the Morisky Medical Adherence Scale to determine participant's medication compliance [25] (S2 Table) . We defined medication adherence as 0 = good, 1 = fair, and 2-4 = poor.
Data analysis
We used Pearson chi-square tests of association and t-tests of equal means to evaluate differences in participant characteristics between baseline aspirin users and non-users.
In order to assess the association between aspirin use and sepsis rates, we fit a set of multivariable Cox proportional hazards models, adjusting for demographics (age, sex, income race, geographical region, education), health behaviors (tobacco and alcohol use), chronic medical conditions (diabetes, hypertension, dyslipidemia, stroke, coronary artery disease, atrial fibrillation, deep vein thrombosis, peripheral artery disease, chronic kidney disease, chronic lung disease, obesity), Morisky Medication Adherence, and biomarkers (ACR, hsCRP). We verified the proportional hazards assumption using Schoenfeld residuals and tests of the interaction with the logarithm of follow-up time.
To evaluate the robustness of our results, we conducted a series of sensitivity analyses. We first repeated the analysis limited to sepsis events due lung, kidney and abdominal infections (the most common infection types). Because aspirin use may vary with risk of heart disease, we repeated the analysis stratified by a) history coronary artery disease (CAD) and b) Framingham Coronary Heart Disease (CHD) Risk Scores <10%, 10-20%, and >20%) [26] .
Because aspirin use might be more likely among individuals with high comorbid illness burden, we defined a propensity score for baseline aspirin use for each participant using a logistic regression model and including the maximum number of covariates that would give a balance of factors between users and non-users [8] [9] [10] [11] [27] [28] [29] . Specifically, the model included age, sex, race, region, education, smoking status, alcohol use, chronic kidney disease, chronic lung disease, deep vein thrombosis, dyslipidemia, hypertension, obesity, peripheral artery disease, CRP, Morisky Adherence Scale, and ACR [27]. We matched aspirin users and non-users 1:1 based upon propensity score, using nearest neighbor matching with a caliper equal to 30% of the standard deviation of the logit [30] . All analyses of the propensity-matched cohort were stratified by pair, to account for non-independence introduced by matching. We also assessed the association between aspirin use and sepsis incidence stratified by propensity score tertile [27, 31] .
We repeated the analysis stratified by Morisky medication adherence classes. Finally, we performed a competing risks analysis, modeling all cause death as a competing event. Among first-sepsis hospitalizations, we also evaluated the associations between aspirin use and sepsis hospital death. In order to prevent over-fitting of the multivariable models, we included only hospital variables that were statistically significant on univariate analysis. We performed all analyses using Stata version 14.1 (Stata, Inc., College Station, Texas).
Results
Out of 30,239 REGARDS participants, we included 29,690 with follow-up information available. Among these participants, 12,869 (43%) reported baseline aspirin use ( Table 1 ). The median follow-up time was 6.2 years (IQR 5.1-8.1 years). Aspirin users were older at baseline and more likely to be male and white compared to non-users. Aspirin users were also more likely to have chronic medical conditions and to report good medication adherence.
There were a total of 1,526 first sepsis events in this population. Of these hospitalizations, 1,122 (73.5%) presented with severe sepsis and 140 (9.2%) resulted in hospital death. The most common infection types associated with sepsis were lung, kidney and abdominal infections. (Table 2) In unadjusted analyses, aspirin use was associated with increased rates of sepsis (Table 3 : HR 1.35; 95% CI: 1.22-1.49) (Fig 1) . However, after multivariable adjustment for potential confounding factors, the association between aspirin use and sepsis was attenuated (adjusted HR 1.00; 95% CI: 0.90-1.13). Sensitivity analyses verified the primary results. When repeating the analysis limited to sepsis due to lung, kidney and abdominal infections, we observed similar results (adjusted HR 1.01; 95% CI: 0.88-1.15). On stratification by Framingham CHD Risk Score, we found that the association between aspirin use and sepsis were similar between CHD risk groups. (Table 3) In the propensity-matched analysis, there were a total of 8,923 aspirin users matched 1:1 with non-aspirin users. In the matched cohort, there was no association between aspirin use and rates of sepsis (HR 0.97; 95% CI: 0.85-1.11). We also found no association between aspirin use and sepsis after stratifying by propensity score and Morisky medication adherence. (Table 4 ) When considering all cause death as a competing risk to sepsis hospitalization, the association between aspirin and sepsis was not statistically significant. Among first sepsis hospitalizations, aspirin use was not associated with sepsis or sepsis hospital death (adjusted HR 0.96; 95% CI: 0.66-1.40).
Discussion
Using data from the REGARDS study, a large population-based cohort of community-dwelling adults in the US, we found no association between aspirin use at baseline and long-term rates of sepsis after adjustment for demographics, health behaviors, chronic medical conditions, and biomarkers. Furthermore, among first sepsis events, we found no association between aspirin use prior to hospitalization and odds of sepsis hospital death. Prior studies investigating the influence of aspirin upon sepsis susceptibility and outcomes have reached varying conclusions. Wiewel, et al. conducted a prospective cohort study using data from 972 ICU patients and found that prior antiplatelet therapy was not associated with severity of sepsis, rates of septic shock, or sepsis mortality [21] . Using a nested cohort study, Al Harbi, et al. found that aspirin use in ICU patients was associated with increased rates of severe sepsis and length of stay [32] . In contrast to these prior studies, our data were not limited by ICU admission and included information on a range of baseline participant characteristics. We were able to define regular aspirin exposure as well as identify sepsis events occurring over a 10-year span. We note that the greatest attenuation of the association between aspirin and first sepsis events occurred after adjusting for demographics and chronic medical conditions, suggesting that aspirin use may be acting as a surrogate marker for comorbid burden.
Of note, we observed no association between baseline aspirin use and sepsis mortality, a finding that contrasts with several prior studies. However, these prior works had important methodological differences [16] [17] [18] [19] . Falcone, et al. found that regular aspirin therapy was associated with decreased mortality due to community-acquired pneumonia [33] . However, pneumonia cases reflect only a subset of sepsis cases, and these results may not be generalizable to all sepsis outcomes. In a population-based cohort study in Taiwan, Tsai, et al. found that prior antiplatelet use was associated with lower rates of sepsis mortality [15] . However, the study only included antiplatelet use in the 30 days prior to admission, and did not differentiate aspirin from other antiplatelet agents. Similarly, in a meta-analysis, Trauer, et al. observed 7% lower sepsis mortality among pre-existing aspirin users, but most of the included studies did not differentiate between the use of aspirin and other antiplatelet agents [34] . Of note, in our series we observed a sepsis hospital mortality rate of only 9.2%, while the studies in the Trauer, et al. study reported sepsis mortality ranging from 14 to 42%. Thus, the observed associations may be due to the higher acuity sepsis populations included in the study. Aspirin has multiple effects in critically ill patients as antiplatelet drug to inhibit platelet function to depress interaction of inflammatory mediators with immune cells therefore modulates the adverse effects associated with the inflammatory reactions [35] [36] [37] . In addition, aspirin stimulates the synthesis of nitric oxide that inhibits the interactions between cells, and decreases poly-morph neutrophil recruitment [38] . The lack of beneficial effect of aspirin may be a reflection of the interaction on these multiple pathways.
For the past decade, research and management efforts have been focused on the acute care of sepsis and infection. However, prevention can be a very powerful management strategy. Societal rates of MI, stroke, or cardiovascular disease mortality have been mitigated by organized prevention efforts [39] . In prior studies we have identified a host of novel risk factors associated with sepsis susceptibility [40] . Additional study must identify other potential interventions to limit and reduce long-term rates of sepsis.
Limitations
We assumed that aspirin use was continuous throughout the 10-year follow-up period; true aspirin use may have fluctuated over time. In order to address the effects of variations in aspirin use, we controlled for medication adherence in our analyses. We used various methods to adjust for possible confounding by indication, but there could have been additional factors associated with aspirin use omitted from the analysis. We also did not have information on the indications for aspirin use. We surmised that aspirin use was for prevention of coronary heart disease, but participants may have taken aspirin for stroke prophylaxis or analgesia.
REGARDS includes only African American and White participants. We were able to obtain data on the presence or absence of chronic medical conditions, but not disease severity. The data did not include any information on immunocompromised participants. As the focus of our study was on community-acquired sepsis, we did not include cases of sepsis that occurred during hospital stay. Some participants were not admitted to the hospital and were treated only in the Emergency Department, but we reviewed their medical records to confirm that these events fulfilled sepsis criteria. We may not have been able to detect all sepsis events as REGARDS is not a surveillance study. We observed a sepsis death rate (9%) that is lower than in other studies.
Conclusion
Aspirin use was not associated with long-term rates of sepsis in the REGARDS cohort. 
